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INTRODUCTION 
Steroids are widely distributed in nature and play an 
important role in the vital activity of living organisms. 
They constitute a family of the substances critically impor-
tant to plant and animal life. The discovery of the choles-
terol, the first steroidal compound to be known, was 
separated as early as 1812 by M.E. Cherveul, the dramatic 
expansion of steroidal chemistry came with the discovery of 
sex hormones in 1929-35. Steroids include the adrenal cor-
tical hormones, the sex hormones, some of the vitamins, plants 
and animal sterols. 
The steroid structure with its unique spatial require-
ments and relatively fixed geometry has long provided an 
excellent testing ground for conformational theory as well as 
for the elaboration of geometrical factors in rearrangement 
phenomena. Conversely, the directional course of rearrange-
ments in this field, rationalized in terms of these same 
principles, has been utilized extensively in providing answers 
to configurational points of question. The great diversity of 
rearrangement phenomena in the steroid field makes it impossi-
ble, within the scope of this writing, to deal with all 
aspects in the detail that might be desired. For the most 
part, attention will be directed to group movements involving 
bond breaking at one point and re-establishment at another 
position in the molecule. 
CHAPTER ONE 
REARRANGEMENTS IN STEROIDS 
(PART - A) 
Rearrangement of the C,g-Methyl group : 
The first recorded instance of C,g-methyl migration in a 
steroid system appears to be the rearrangement from C,^ ~ ^ 17 
observed in the dehydration of the methyl Grignard product (I) 
derived from estrone methyl ether . 
( i ; (ID 
A similar rearrangement was reported in the secondary 
17a-hydroxy system (III) which provides the product (IV). 
( I l l ) 
-> 
(iv) 
A l a r g e number of i n s t a n c e s of Wagner rea r rangement of 
t h e C,g-methyl group from C,^ > Cj^ y have been r e p o r t e d in 
r e c e n t t i m e s i n v o l v i n g systems of widely d i v e r g e n t s t r u c t u r e 
2-4 
with r e s p e c t t o s u b s t i t u t i o n about C,y . These i n c l u d e . 
i n t e r a l i a , s c i s s i o n of 1 6 a , 1 7 a - o x i d e - 2 0 - k e t o n e s which, in 
c e r t a i n i n s t a n c e s , produce both ti 
r a t e d systems (V > VI + Vll), 
12 13 
c e r t a i n i n s t a n c e s , produce both t h e ^ and / \ , u n s a t u -
H3C CH3 
A related instance is the conversion (VIII —> IX) in the 
16-isopregnane ser ies . 
(VIII) 
Treatment of the 
(IX) 
16 
-20-ketooxime (X) with EF- in acetic 
anhydride was observed to produce two products : XI and XII, 
wherein the former, namely XI, arises in consequence of a C,o 
COCH3 
COCH3 
methyl rearrangement. 
(XII) 
H3C 
...•COCH3 
OCOCH. 
(X) (XI) 
The formation of XI from the oxime CX) has been rationali-
zed as shown in Scheme-1. 
H3C 
SCHEME - 1 
N-0-COCHo 
BF3 
+ 
(X) 
ViiJ+ 
j> :0C0CH3 
4 
HoC N 
.OCOCH3 
CHq 
,c=o 
(XI) 
One of the more remarkable ins tances of C^g-ni^thyl r e -
arrangement involves migration from C,^ ^ C,^ as a con-
cluding phase in a mul t i s tage transformation . Treatment of 
12a-methyl-9p, l ip-oxido progesterone (XIII) with HF produces 
a substance {50%) with \ „ „ 241 m^ i ( I , 18,CXX)) and 258 m\i 
(sh) (Z, 13,500^. These spectroscopic c h a r a c t e r i s t i c s diXe 
best accomodated by s t r u c t u r e s (XIV and XV) for the rearrange-
ment product and i t s reduced d e r i v a t i v e s , r e spec t i ve ly . 
CH-
^^3 CO 
(XIII) 
' <:r 
HF 
H-C-OH 
(XIV) (XV) 
8 
Rearrangement of the C,n-Methyl Group : 
In the early days of steroid investigation, the forma-
tion of the so-called Westphalen diol was observed in conse-
quence of strong acid treatment of cholestane-3p,5a,6P-triol-
3,6-diacetate (XVI) , This substance was recognized 20 years 
later to be the product of Wagner rearrangement of the 0,g-
Q 
methyl group from C^Q > C^ ^ . Subsequently, chemical and 
17 
spectroscopic evidence has been assembled in strong support 
for structure (XVII) for this rearrangement product. 
?8^17 
KHSO, 
Ac 
>^ 
CH-
lAc 
(XVI) (XVII) 
9 
Hydrogen Transfer Rearrangement 
1.2-HYdroqen Migrations : 
Oxide Scission : The stereo selective rearrangement of 
1,2-oxides to ketones (involving 1,2-shift of hydrogen with 
its bonding electrons) has been convincingly demonstrated in 
the steroid field (XXI > XXIa). This was originally shown 
in the BF_-catalyzed rearrangement of 3^-acetoxy-9a,lla-oxide-
/\^'^^-ergostadiene (XVIII) to the 11-keto- A ^ -9p-compound 
(XIX)•'•°. The configuration at C^ (9p-H) clearly establishes 
the previously mentioned mechanistic pathway traversed to this 
least-stable species. The configuration at Cg can be inverted 
(9p — > 9a) by deactivated alumina to give (XX) without caus-
ing double bond conjugation. Finally, the latter isomeriza-
tion itself can, in turn, be evoked by acid catalysis. The 
effective role of the solvent, ether,in leveling the acidity 
of the reagent, EF^, is significant in making the possible 
isolation of (XIX). 
C9H27 
(XVIII) 
BF 
Ether 
(XIX) 
A1203 
Cxx) 
10 
CoH 9" 17 
Pinacolic changes : The oldest and most classic example of 
the pinacol rearrangement in the steroid field is the trans-
formation of estriol (XXII) to estrone (XXIII) by sublimation 
from potassium acid sulfate 11 
(XXII) (XXIII) 
Equilin glycol formed by OsO, hydroxylation of equilin^-^ 
should have the a-cis diole structure (XXIV), in order to 
accommodate a hydrogen transfer process with least structural 
11 
13 
change to form 7-keto sterone (XXV) 
A 
(XXIV) (XXV) 
Ring-Chain Hydrogen Transfer ; 
The original isomerization of sarsasapogenin to smila-
genin by prolonged refluxing in alcoholic HCl'^ '^  has been 
found to be a general transformation. Only subsequently, 
however, was the nature of this change established to involve 
inversion of configuration of the Cg^-methyl group that is. 
25p (axiai; "> 25a (equatorial) 15 
Isomerization about C^^ requires development of a double 
bond to this position. A mechanism which fulfills all the 
experimental observations of the C^^ isomerization reaction 
has been reported^^. This route entails an internal oxidation-
reduction, implemented by a reversible ring-chain hydrogen 
12 
transfer sequence, (XXVIa) > (XXVId). This mechanism is 
in accord with the deuterium exchange experiments which 
17 
reveal isotope exchange at Cg^ and CgQ 
0-H 
(XXV la) (XXVIb) 
(XXVIc) (XXVId) 
An a l t e r n a t i v e pathway for the C2=-isomerization r e a c -
t i o n , which appears t o be in accord with most of the experi-
mental observat ions , i s represented by the sequence 
(XXVIIa > XXVIId). Hydrogen t r a n s f e r (C 27 -> ^ 2 ^ 
13 
•> XXVIIc) finds a within the oxonium species (XXVIIb — 
formal analogy at least in the transformation of the alkaloid 
veatchine to garryine. 
(XXVIIa) (XXVIIb) 
\ CH3 
(XXVIIc) (XXVIId) 
Modification of the C,g and C.^-Methyl Groups : 
In the period 1958 to 1959, a new and provocative class 
of reactions was introduced in to the steroid field, making 
14 
possible chemical attack upon unactivated carbon centers 
possessing the requisite geometrical disposition. This 
substitution reaction involves a hydrogen transfer process 
induced by an electron deficient site created within the 
molecule in close conformational proximity to the centre to 
be transformed. The 1st transformation of this type to be 
reported in the steroid area was concerned with the conver-
sion of 3p-acetoxy-20a-aminopregnane-5a-acetate to dihydro 
13 
conessive (XXX) , conessive was subsequently degarded to 
18-hydroxyprogesterone (XXXI) . In its essential aspects, 
substitution at C-,g involved treatment of the N-chloro com-
pound (XXVIII) with either sulfuric - acetic acids (catalyzed 
by ferrous sulfate) or by ultraviolet irradiation of a 90?^  
H^SO^ solution (or preferably a FXCOOH solution)^^ of the 
18 
amine , Under the former conditions, the catalyzed product 
(XXX) was obtained directly, whereas by the irraadiation 
technique the intermediate transfer product (XXIX) was formed 
initially and subsequently ring closed with base. A synthesis 
of aldosterone is also based on this transformation'^ . 
15 
CI-N-CH3 
I 
CH-CH3 
(Me)< 
H2SO4 
—=> 
(XXVIII) 
(XXXI) 
C1-CH2 
NHCH3 
CH-CH3 
(XXIX) 
Base 
(XXX) 
The involvement of the C,g-H, which in the steroid 
series is conformationally proximate to the transfer size, 
emphasizes the stereochemical factor in controlling the 
position of transfer. The promotion of this rearrangement 
type by UV light and Fe ions as well as its inhibition by 
16 
oxygen, has been c i t e d i n suppor t of a f r e e r a d i c a l cha in 
r e a c t i o n U s in XXXIIa > XXXIId;^' ' . 
H2-C-H 
CH3 
I 
+N-H 
^Cl 
CH3 
H2-C} 
-CI N 
CH3 
CH, 
+C1 
(XXXVIa) (XXXIIb) (XXXIIc) 
(XXXIId) 
The t he rma l decompos i t ion of 21 -d i azo -5a -p regnane~20-
one (XXXIII), i n r e f l u x i n g t o l u e n e c a t a l y z e d by copper ox ide , 
23 
produces t h e c y c l i c ke tone (XXXIV) 
'CH-N=N 
H C-H i ^ 
HA CH 
=0 m U 
-Nr 
(XXXIII) 
17 
' CH, 
(XXXIV) 
I r r a d i a t i o n of 2 0 - k e t o s t e r o i d s (XXXV) i n n-hexane or 
a l c o h o l s o l u t i o n with UV l i g h t r e s u l t s , i n t e r a l i a , in H-
t r a n s f e r rea r rangement CC,g > O-C2Q) accompanied by r i n g 
c l o s u r e t o form t h e C2Q empimeric c y c l o b u t a n o l s CXXXVI) 24 
\ . 
H2C-H x l^. 
-CH' 
(xxxv; 
3/° 
-CH, HoC V 
.,..0H 
(XXXVI; 
•i-OH 
18 
PHOTOISOMERIZATION : 
As a rearrangement phenomenon in the steroid field, photo-
Isomerlzatlon dates back to the earlier days of steroid Inves-
tigation and, for years, was Identified with the vitamin D 
transformation. The photoactlvated system thus produced may 
subsequently undergo bond redistribution ( scission and recon-
stitutlon) with formation of high energy, labile products, 
inaccessible by conventional modes of approach. 
The irradiation of steroid 5,7-dlenes, in general and 
ergosterol, in particular, has been one of the most intensi-
vely studied reactions in the steroid field. 
Ergosterol (XXXVII) absorbs light optimally at A280 m^ 
with gradual loss of its absorption maximum and the formation 
of a series of products which exist, for the most part, in a 
photochemically reversible relationship to each other. Acti-
vation by irradiation of the homodienlc system of esgosterol 
induces a bond redistribution with initial formation of the 
highly unstable valence-bond tautomer, precalciferol, repre-
sented in its 5,6-S-cls rotational conformation (XXXIX). The 
bond redistribution phenomenon may be considered in simplest 
terms as a concerted electron unpairing and repairing process 
(compalr XXXVIi;. Precalciferol tXXXIX) is converted by 
warming to the exomethylenic triene, calciferol, represented 
19 
25 in its 6,7-S-trans conformation (XLII) , The transformation 
(XXXIX > XLI) requires double bond retrogression with 
H-transfer. 
(XXXVII) 
(XLII) (XLI) 
20 
The e f f e c t of methyl s u b s t i t u t i o n on t h e course of t h e 
pho tochemica l ly induced rear rangement of l , 4 -d ieno i )es has been 
s tud i ed* 4-Methyl A - d e h y d r o t e s t o s t e r o n e (XLIII) does not 
fo l low t h e exac t p a t t e r n of p r edn i sone but g ive s a lumi 
p roduc t (XLIV) in n e u t r a l s o l u t i o n comparable t o t h a t de r i ved 
from s a n t o n i n in which t h e A- r ing r a t h e r t han the B-r ing 
has c o n t r a c t e d . This rea r rangement may be v i s u a l i z e d , i n 
analogy with t h e fo rmat ion of lumi p r edn i sone a c e t a t e . 
(XLVI) (XLV) 
H 
-H 
- ^ 
(XLVII) 
21 
THE AhfTHRASTEROIDAL REARRANGEMENT : 
The anthrasteroid rearrangement is unique in the respect 
that it has as its consequence the transformation of the nor-
mal cyclopentanophenanthrenoid ring system to a cyclopenta-
noanthracenoid skeleton. The pathway by which this transfor-
mation takes place, however, is strikingly similar in nature 
to the dienane-phenol rearrangement. 
Treatment of dehydroergosterol (XLVIII) in CHCI3 with 
HCl yields anthraergostapentaene (XLIX) as the ultimate 
rearrangement product 26 
(XLVIII) 
22 
(XLIX) 
RING EXPANSIONS AND CONTRACTIONS IN STEROIDS : 
All rings of the steroid nucleus have been either 
expended or contracted variously, by rearrangement reactions, 
for the most part of known generic type. In this section, we 
shall consider rearrangements involving changes in ring sizes, 
exclusive of the acyloin rearrangement in D-homoannulation. 
The latter will be dealt with separately. 
The principle of limitation applied to ionic rearrange-
ment in cyclohexane ring systems requires four centre plana-
sity of the atoms involved, wherein the moving and departing 
27 groups are trans and antiparallel • This principle is so 
well established that it has become possible, conversely, to 
make stereochemical assignments with resonable certainty to 
23 
a parent structure, based on the observed course of a parti-
cular rearrangement. 
RING A : FAVQRSKII REARRANGEMENT : 
This rearrangement, as applied to 2a-bromocholestan-3-
one (L) and 4p-bromocoprostane-3-one (LIU) results in 
the formation in each series of the cyclo propanone mecha-
31 
nism , or its equivalent, the steric as well as directional 
consequences of this rearrangement are amply apparent. 
Br*^  
(LI) 
24 
(LIII) 
ROoC 
(LIV) (LV) 
Homologation of t h e A - r i n g has been accomplished by 
t h e HNO„-amine r e a c t i o n , as we l l as wi th d iazomethane . By 
the former method, cholestanone and d ihydrotes tos terone 
both undergo r ing expansion t o give, t o a major ex ten t . A 
32 homo-3-ketone de r iva t ives (LVI^ . Diazomethane products 
33 the same A-homoketone , t hus , 2:3 bond migration occurs by 
both these r o u t e s , as well as by Beckmann rearrangement of 
34 the oxime . The d i r e c t i o n a l dependence of the Beckmann 
rearrangement on the synant i composition of the per t inen t 
35 oximes has , however, introduced some confusion in to the 
2b 
i n t e r p r e t a t i o n s of t h e v a r i o u s f i n d i n g s . Thus r e s u l t s never-
t h e l e s s c o n t r a s t w i t h oxygen i n t e r p o l a t i o n v i a t h e pe rac id 
r e a c t i o n t o form the expanded l a c t o n e . 
(LVa) 
HNO. 
HJtirCU^ 
^1) HCN r^^'^H'''^^^ 
(LVI) 
OR 
pm 
(LVIa) 
26 
The A/B cis-A-nor-3-ketone (LVII) also undergoes oxygen In-
ssrsion with peracid as well as Beckmann rearrangement of the 
corresponding oxime in the same directional sense 
crK 
(LIX) 
Under these conditions, 4-cholestene-3-one (LXa), under-
goes ring expansion with diazemethane in the presence of BF^ to 
6 37 
form the A^,Y-ketone (LXb) . In this instance, the rearrange-
ment is exceptional is so far as 3:4 bond movement occurs. 
CH2N2 
BFo 
(DCa) (LXb; 
27 
Ring - B : 
Ring B has been less extensively modified by rearrange-
ment than the other rings in the steroid nucleus. The early 
oxidation studies on cholic acid revealed an interesting 
example of benzilic acid ring contraction arising from the 
oxidation of bilianic acid (LXI) to cilianic acid (LXII) with 
alkaline KMnO 38 
COOH 
CLXI) 
Hcxx;- COOH 
(LXII) 
An interesting example of the Favorskii rearrangement in 
ring B is afforded by the conversion of5,7p-dibromo-6-keto-5a-
28 
cholestanyl acetate (LXIII) to the ring contracted acid (LXIV) 
39 
with hot pyridine 
Py 
A 
CLXIII) 
- > 
AcO 
OOH 
(LXIV) 
29 
Ring - C : 
The C-nor-D-homosteroid rearrangement was discovered at 
about the time that the alkaloids jervine and veratramine were 
40 demonstrated to have a C-nor-D-homo ring system . This co-
incidense of findings suggested that these alkaloids might be 
biogenetically related to normal steroids. At the time of its 
discovery the C-nor-D-homo steroid rearrangement was unusual 
in the respect that a simultaneous contraction of one ring 
occured with expension of the other. Subsequently similar 
changes were observed with the A/B rings. 
The C-nor-^-homo rearrangement is brought by the method 
of heating the p-toluene sulfonyi hydrazone derivative of the 
parent C,2 ketone with alkali at elevated temperatures. In 
this manner, the p-toluene-sulfonyl hydrazone of 17-keto 
hecogenin (LXV) was converted into the sapogenin counterpart 
(LXVI) of the alkaloid jervine 
C7H7SO2NH 
I 
N 
41 
42 
(Lxv; (LXVI) 
30 
C o n t r a c t i o n of r i n g C has been observed t o occur on 
a l k a l i n e t r e a t m e n t of t h e i somer i c e s t e r d e r i v a t i v e s (LXVII 
43 
and LXIX) of l l a - h y d r o x y rockogenin , 
CH302S0^ 
AcO./> 
(LXVII) 
CH3O2S0I 
(LXIX) 
(LXVIII) 
(LXX) 
31 
Ring - D : 
Rearrangements involving ring D are exceptionally 
numerous and, consequently, those changes involving the 
acyloin rearrangement will be discussed under a subsequent 
heading [The Acyloin Rearrangement in D-HamoannulationJ, 
OH 
„,. C=CH 
(LXXII) 
(LXXV) 
AI2O3 
or EF 
C-CH. 
(LXXIV) 
OH 
^ - > 
H3C OH 
(LXXIII) 
[R = H, AcJ 
32 
The acyloin rearrangement in the steroid series was first 
encountered in investigations directed toward the elaboration 
of the ethinyl carbinol (LXXIi; to give the 17p-hydroxy-20-
44 keto system (LXXIV) , Although this goal was ultimately 
45 
achieved under special condition , the usual procedures for 
hydration gave rise (via LXXIV), after ester hydrolysis, to an 
isomeric substance, the chemistry of which led to its postula-
tion and eventual establishment as the D-homo ketol (LXXIII) 
The expansion of ring D, with incorporation of a hetero-
atom, was first performed in the conversion of estrone with 
alkaline H2O2 to a lactone. That the lactone product arises 
from C,^ > C,y bond migration was clearly demonstrated in 
the case of 3a-hydroxy-5^-androstane-ll,17-dione (LXXVI). The 
lactone derived from (LXXVi; namely (LXXVIi;, readily under-
goes p-elimination on base treatment to provide the °^ 'P-
ketonic acid QDCXVIIi;. 
AcO-
(LXXVI) (LXXVII) 
33 
(DOCVII) 
v^v 
OOH 
(LXXVIII) 
In other examples expansion of ring D, observed in the 
nitrous acid-amine ring enlargement. Thus C,y-epimeric 
hydroxyamines (LXXIX), gives essentially the same 6:1 ratio, 
respectively, of 17a-(LXXX) and 17-ketones (LXXXI) on treat-
ment with HNO, 47 
AcO 
(Lxxix; 
CH2NH2 
(LXXXI) (LXXX) 
34 
Beckmann rearrangement of 17-keto steroid oximes proceeds 
essentially unidirectionally, like the peracid-lactone reac-
tion, to give 17a(aza) lactams. The corresponding 17a-D-homo-
ketones, however, yield mixtures of 17-and 17a-aza structures 
48 by the same reaction . 16-Keto cholesterol (LXXXII) affords 
two geometrically isomeric oximes , (LXXXIII and LXXXIV), in 
50 
conformity with the trans rule , 
(LXXXII) 
/ ^
 
\ irN-OH 
8^17 
1 
CgHj_y 
(LXXXIII) 
3b 
A number of light initiated ring expansions have been 
51 
r e p o r t e d wi th 1 7 - n i t r i t e e s t e r s (LXXXVa > LXXXVb) and 
52 l i p - n i t r i t e e s t e r s of 17 -ke tones (LXXXVc > LXXXVd) . 
(LXXXVc; (LXXXVd) 
ONO 
=0 +(N6) ' \ / 
0 
N ^ 
-o 
(LXXXVa) (LXXXVb) 
FUNCTIONAL GROUP MIGRATIONS : 
To a major extent, functional group migrations in the 
steroid series are concerned with halogen and acyl group 
transfers. These changes vary from those closely analogous 
to similar group movements in simple acylic compounds to the 
more complex phenomena heretofore unique to the steroid system 
itself. 
36 
Acvl Migrations : 
A f ew O — > N and 0 — > 0 migrations of an acetyl group 
have been observed which are not accompanied by further stru-
ctural change. The steroid alkaloid holarrhimine, an acetyla-
tion under strongly acidic conditions gives the 0-acetyl deri-
vative (LXXXVI) which rearranges on liberation from its salt 
to give the N-acetyl derivative (DCXXVII)^^. 
OAc 
I NH- 2+ 
2C10. 
NH. 
HO-CH2 
NHAc 
(LXXXVI) (LXXXVII) 
Reduction of the Cj^^-ketone CLXXXVIII) with NaBH^ yields, 
inter alia, a product resulting from acetyl group migration 
via the intermediate to give CLXXXIX) 54 
37 
(LXXXVIII) 
CH2OH 
OAc 
(DCXXIX) 
Isomerization of the enolacetate epoxide (LLX) inter 
alia, by acid to the ketol acetate CLLXa^ proceeds stereo-
selectively by acetyl group transfer. 
CH3 
O-H 
(LLX) 
CH3 
0 
/ 
\ ' 
. ^ ° ^ -H-^  A 
V 
.OCOCH-
(LLXa) 
38 
An unusual case of ace ty l group t r a n s f e r a r i s e s from 
Li - l iqu id ammonia reduct ion of l l a -ace toxy-es t rone methyl 
e ther (LLXI), This t ransformation has been in te rp re ted by 
the sequence (LLXI > LLXIi; 55 
(LLXI) 
I) /-
H3C-C-0'J 
Li-(NH3)H^o 
red. H 
(LLXII) 
Allvlic Transpositions (Cine-substitution) 
The apparent rearrangement of bromine in a-bromoketone 
from one a position to the other by hydrogen bromine in acetic 
56 
acid (LLXIII > LLXIV) , has been considered, possibly, to 
39 
involve allylic rearrangement via the enol of the respective 
57 ketone . Subsequent evidence, however, including the specific 
catalysis by HBr, suggests that these apparent rearrangements 
quite probably involve debromination and rebromination. 
Br 
Br--
Br 
(LUIV) 
The rear rangement of A - c h o l e s t e n e - 3 p ~ o l - 5 a - h y d r o p e r -
oxide (LLXV) t o / \ ^ - c h o l e s t e n e - 3 p - o l - 7 a - h y d r o p e r o x i d e (LLXVI) 
58 
in CHCl^ s o l u t i o n could we l l be on example of SNi r e a r r a n g e -
ment. 
CHCl-
^OOH 
(LLXVI) 
40 
Group Interchange : 
The formation of two isomeric 5,6-dibromocholestanes was 
recognized at an early data. The one isomer is stable and 
dextrorotatory ([a]D + 48.9°), whereas the other is labile and 
levorotatory ([ajD - 40°). The reversible inter conversion of 
the two isomers in CHCl^ solution permitted an estimation of 
the equilibrium concentration to be about 89?S of the dexoro-
59 tatory form , this value was later corrected, however, to 
99Jli , The isolation of two forms of cholesterol benzoate di-
bromide led to the recognition of the mutarotation of choles-
terol dibromide and to the subsequent configurational assign-
ment to the isomeric dibromides. 
The same isomerization phenomenon has been observed with 
2 3 59a 
the dihalides derived from / \ and / \ . cholestenes . In 
the latter connection, 2p-bromo-3a-chlorocholestane (diaxial) 
rearranges to 2a-chloro-3p-bromocholestane (diequatorial), 
and 2^-chloro-3a-bromocholestane (diaxial) produces 2a-bromo-
3p-chlorocholestane (diequatorial). 
A further elaboration of this phenomenon is the rearrange-
ment, inter alia of the trans-diaxial bromohydrin acetate, 
2p-bromo-3a-acetoxycholestane (LLXVII) to give 2a-acetoxy-3p-
bromocholestane (LDCVIII)^ -'-. 
41 
o=c 
H 
(LLXVII) 
"> 
/ 
,c=o 
H3C 
Redistribution Reactions : 
(LLXVIII) 
The thermal ox base catalysed treatment of 1,4-epidi-
oxide rings attached to secondary-secondary or secondary-
tertiary carbon centres quite often results in rearrangement 
into either or both a p,Y-oxido ketone and a keto allylic 
alcohol (LLXIX > LLXIXc)^^. Oxygen redistribution in 
the sense of the convertion : epidioxide (LLXIX) > 
diepoxide (LLXIXb). 
42 
R 
(LLXIXb) 
OH 
Y 
(LLXIXa) 
(LLXIXc) 
The epioxide (LLXXI), derived from ergosta-6,8(14), 
9(11), 22-tetraene-3p-ol-acetate by photooxidation, under-
goes rearrangement to (LXXII) on treatment with triethyl-
amine (Et^N). The latter an acid treatment. 
(LLXXI) 
EtsN 
^ o • 
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H 
-H2O 
CLXXIi; 
REARRANGEMENTTS IN STEROIDS 
(PART - B) 
A number of s t e r o i d a l t r a n s f o r m a t i o n s have been done in 
our l a b o r a t o r i e s and t h e p r o d u c t s formed have been expa l ined 
by s u i t a b l e mechanism. Few such t r a n s f o r m a t i o n s a longwith 
t h e i r mechanism have been g iven as f o l l o w s : 
Reac t ion of 5 , 6 a - e p o x y - 5 a - c h o l e s t a n e (LXXIII) with 
l - p h e n y l - l H - t e t r a z o l e - 5 - t h i o l ( equ imola r ) under r e f l u x f o r 
3 h r s . a t t e m p e r a t u r e 40-60°C formed s p i r o o x a t h i o l a n o -
p h e n y l d i h y d r o t e t r a z o l e (LXXIV;^^. 
CgHj^ y 
(LXXIIi ; 
Li Br, DMF 
40-60°C 
(Lxxiv; 
€v^ ^ 
OLrv 
-:SH 
Ph-hK % 
Ul 
45 
"-^2 +$H 
Br 
Ph 
(LXXIV) 
3p-Chlo rocho les t -5 -en -7 - -one oxime ( 2 . 5 gmHn CHCl^ 
(30 ml) was s t i r r e d with PBA (25 ml) a t t e m p e r a t u r e 0 - 4 ° . 
Af te r 30 m i n t s , p - t o l u e n e su lphon ic ac id (as c a t a l y s t ) was 
added and f u r t h e r s t i r r e d fo r 3 h r s and worked up in CHCl^, 
t h e 3 p - c h l o r o - p - n o r - 7 ^ - n i t r o c h o l e s t - 4 - e n - 7 ^ - c a r b o x y l i c 
ac id i s formed (DOCVI) 64 
CgH^y 
PBA 
• > 
(LXXV) (LXXVI) 
46 
98Hl7 
NOH 
:0H 
[0] 
-> 
OH '^ =0 CI ^ ^ 
-H2O 
+^  NO2 
COOH 
(Lxxvi; 
47 
5,6a-Epoxy-5a-cholestane (LXXVIl) in N,N-dimethyl-
formamide C25 ml) was t r e a t e d with a l l y l i so th iocyanate 
at room temperature . The content was refused under anhydrous 
condi t ions for 20 minutes. After usual work up afforded 
5p-choles tane[5 ,6a-d]oxazol id in-2*- th ione (LXXVIlD* 
CsHl? 
.65 
CI -Ai-
a 
N-CH2-CH=CH2 
CI c CH2-CH=CH2 s 
48 
^8^17 
(R = OAc, CI, H, OH) 
(LXXVIII) 
Reaction of 3p-acetoxy-6--ni trocholest-5-ene (LXXIX) with 
carbon d isu lphide in tr imethylamine (Et2N!CS2), a c e t o n i t r i l e 
(CH^CN) provided s t e r o i d a l oximinothlocarboxyllc anhydride 
(LXXX)^^. 
CsHl? 
CS2 
AcO 
Et3N-CH3CN 
(LXXIX) (LXXX) 
EtaN 
CH3CN 
S-9-0 \)-C-SH 
49 
-H2S 
CLXXX) 
Reaction of 5,6a-epoxy-5a-cholestane (LXXXI) with tri-
ethylamine and CS^ afforded [6a,5-d]-l',3*-oxathiolane-2'-
thiones (LXXXIi;^^. 
CgH.j_7 
NEt3 
(LXXXI; 
0 s^ 
o 
(LXXXII) 
:NEt. S-C-N-Et. 
50 
-Et^N: 
[R = H, OAc, OH, CIJ (LXXXII) 
Reaction of cholest-5-ene (DCXXIII) with bromine aceto-
nitrile and sodium azide - AlCl^ furnished 5a-bromocholestane-
68 6p-(l")-5'-methyl tetrazole°°. 
C3Hj_7 
( U X X I I I ) 
BT2 
AICI3 
N — ri 
(Lxxxiv; 
Br, 
AlCl-
+Bf 
CH3CN 
• ^ 
51 
Br 
w^ ^ 
N 
(Lxxxiv; 
C-CHo 
I! -^ 
N 
Reaction of 3p-ace toxy-6-n i t rocholes t -b-ene (DCXXV) with 
chromic acid provided 3^-acetoxy-4,5:5*,6-Bis-seco-3-formyl-
6-k et o-6-ni t ro-10-charboxycholest an (LXXXVI) 69 
f-S^l? 
CrO^ 
AcOH-H 0 COOH 
RrN:HO 
(LXXXV) (LXXXVi; 
AcO V 
52 
Ac(f\;^^H o 
N02 
AcCr^CHO 
(DCXXVI) 
3 p - C h l o x o - - 6 - n i t r o c h o l e s t - 5 - e n e (DCXXVIl) when t r e a t e d wi th 
e t h a n e t h i o l and B F ^ - e t h e r a t e f u rn i shed 3 p - c h l o r o - 5 - e t h y l -
m e r c a p t o - 5 a - c h o l e s t a n e - 6 - o n e oxime (LXXXVIII) 70 
C3Hj_7 
(LXXXVII) 
RSH 
tLXXXVIIl) 
-^ 
R-S 'N + 
HO' ^O H-0 
53 
HCT ^OEF. 
-BF. 
(LXXXVIIi; 
Reac t ion of 3 § - a c e t o x y - 6 - n i t r o c h o l e s t - 5 - e n e (LXXXIX) 
with e thane d i o l e - BF- e t h e r a t e as c a t a l y s t provided 
3 p - a c e t o x y - 5 a - ( 2 ' - t h i o h y d r o x y t h i o e t h o x y ) - c h o l e s t a n e - 6 - o n e -
71 
oxime ( XC) 
98Hl7 
CLXXXIX; (XC) 
AcO^ 
-SH^fl^ 
No-
SH 
54 
^SH 
BF 
BF-
SH OH 
N —0-BF 
-BF. 
xS WOH 
(XC)^ 
55 
Reac t ion of 3 p - c h l o r o - 5 a - c h o l e s t a n e - 6 - o n e oxime (XCI) 
with pe rbenzo ic ac id gave 3 p - c h l o r o - 6 p - n i t r o - 5 a - c h o l e s t a n e 
(XCII)"^^. 
98H17 
(XCI) (XCII) 
- C - P h 
H - 0 
(XCII) 
56 
Reaction of 5,6a-epoxy-5a-cholestane with urea yielded 
5-hydroxy-6p-amino-5a-cholestane (XCIV)^'^, 
^8^17 
(XCIII) (XCIV) 
ry«''" 1^.—V NH^) 
•^  H^N-C 
0 NH-C-NH2 
H OH 
(XCIV) 
[R = H, OH, OAc] 
57 
Reac t ion of 3 p - h y c i r o x y - 6 - n i t r o c h o l e s t - 5 - e n e (XCV) 
with b a s i c s i l i c a g e l a f fo rded 6 - n i t r o c h o l e s t a - 3 , 5 - d i e n e 
(XCVI) . . 
CgHj^ y 
Basic 
S i l i c a ge 1^ 
10. 
(XCV) (XCVI) 
HI 
0 ^ ^ -
I f 
f I 
uu,.ni. . , , , , < . . . , , . , , , , ^ , ^ , , , , ^ ^ 
(XWI) 
»Hnn nHIHIH.iH m^llHml,,,, 
58 
Reaction of cholest-5-ene (XCVIl) with sodium toluene-
p-sulfinate monohydrate and iodine orovided 6-(p-tolylsulfonyl)' 
cholest-5-ene as an oil • (XCVIII) . 
(XCVII) (XCVIII) 
o=s=o 
Ph-CH, 
0=S=0 
I 
Ph-CH. 
-HI 
(XCVIII) 
59 
Reaction of 3p-acetoxy-5,6a-epoxy-5a-cholestane (Cl) with 
glycine AICI3 as catalyst afforded 3p-acetoxy-5a-cholestano 
76 [6a,5a-d]oxazolidine-2'-one (CII) , 
' NH2-CH2COOH 
A1CI3 CHO 
C13A10"+N(CH3;2 
CHO 
ACCTH 
0=C-CH^OH 
V 5 ^ 
60 
3p-Acetoxy-6-ni t rocholest -5-ene (CIII) with an excess of 
l l thiumdimethylcuprate afforded 3a,5a-cyclocholestan-6-one 
oxime (CIV) 77 
^8^17 
NOH 
(CIV) 
9 O^ 
H3C-CU.-CH3 H3C-CUK?1H 
H 
-CH 0 
^ 
61 
NOH 
(CIV) 
Reaction of 3p-chloro-5a-bromo-cholestan-6-one (CV) 
with pyr idine afforded 5a-choles tan-3 ,6-d ione (CVI) and 
(CVII)'^^. 
-^ 
62 
H( 
iH 
(CVI) 
Reaction of 3p-chloro-5a-bromo-cholestane-6-one (CV) 
with pyr id ine afforded a 19-norcho les tane- l ,3 ,5 (10) - t r i ene -
-6-one (CVIIi ;^^. 
98^17 
(cvi i ; 
BrHlQ 
63 
^8^17 
0-H 
-CH, 
-^ 
Reaction of 3p-chloro-5a-7p-dibromocholestan-6-one 
(CIX) under reflux with pyridine at 40-60°C for 72 hours 
afforded l-methyl-19-nor cholesta-1,3,5(10)-triene-6-one 
(CX) 80 
98^17 
Py .A 
(cx; 
64 
98Hl7 
±Z. 
(cix; 
^^  i% 
-H. 
^ 
+0-H 
'""Br 
-HBr 
-^ 
(CX) 
65 
Reaction of 3^-chloro-5,6a~epoxy-5a-cholestane (CXI) 
with BFg-etherate afforded 3p-chloro-5a-cholestane-6-one 
(CXI )®-'-, 3p-chloro-5p,14p-dimethyl-6a-hydroxy-18,19-bis nor-
10a-cholest-13(17)-ene (CXIIa)®"^ , 3p-chloro-5p-methyl-6a-
hydroxy-19-nor-cholest-9(lO)~ene (CXIIb;®"*-, 3p-chloro-5-
hydroxy-6p-fluoro-5a-cholestane (CXIIc) 81 
^8^17 
BF-
EtoO 
CI 
H 
(CXI) C^ Hj^ y (CXII) 
: 66 : 
CoH 98^17 
CgHj_y 
(CXIIb) 
67 
Reaction of 3p-acetoxy-7a-bromo-6-ni t ro-cholest-5-ene 
(CXIII) with pyr idine gave 3p-acetoxy-6-ni t ro-choles ta~4,6-
diene CCXIVa; or 2 ,4 ,6~ t r i ene (CXIVb; 82 
H 
AcO-^O^^VV"^ 
u ' 
-Br 
NO. 
'2 
(CXIII) 
QQHYJ 
-HBr 
CCXIVa) 
- > 
-AcOH 
(CXIVb) 
68 
.83 3 , 6 - D i n i t r o c h o l e s t a - 3 , 5 - d i e n e (CXVI) was formed when 
6 - n i t r o c h o l e s t a - 3 , 5 - d i e n e (CXV; was t r e a t e d with n i t r o s y i 
c h l o r i d e ( N O C I ; a t 0°C, 
^8^17 
NOCI 
0°C O2N 
(CXVI) 
NOCI 
0°C 0=N 
-HCl 
0=N 
[ 0 ] 
(CXVI) 
69 
Reaction of androst-4-ene-3,17-dione (CXVII) on treat-
ment with excess of hydrazoic acid^ BF^'etherate in CHCl^ 
afforded 3,17-diaza-A-D-bishomoandrost-4a-eno[3,4-d3[l7a, 17-d] 
bis tetrazole (CXVIIl)®"*^  and ^'^^. 
(CXVII) 
HN-
HN3 
(CXVIII) 
-N. 
> 
CN 
-H 
(CXVIII) 
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CHAPTER TWO 
PART - A 
Peroxydisulphate Oxidation of 
Steroidal Ketones 
THEORETICAL 
In 1891, Scientists whilst engaged in the investigation 
on the electrolytic oxidation of some metal salts inciden-
tally discovered potassium persulphate (K2S2O0) a powerful 
oxidising salt . The term persulphate is trivial, peroxydi-
sulphate is used in chemical abstracts and the International 
2 
Union of Pure and Applied chemistry has recommended the name . 
In the present treatise the term 'peroxydisulphate' is used. 
Peroxydisulphate is one of the strongest oxidising 
agents known. The standard oxidation reduction potential for 
3 
the following reaction is estimated to be -2.10 volts . 
2S04"~(aq.; > S20g"(aq.) + 2e" 
Peroxydisulphate oxidation was first applied in steroids 
4 
by Solomon who oxidised cholest-4-en-3-one (CXIX) with 
K^S^Og and obtained 4-oxa-5p-cholestan-3-one (CXX) and an 
unidentified acid. 
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^8^17 
K^SgOg 
(CXIX) (cxx; 
In 1950 Turner reported the Soloman's work and found 
that the neutral oxidation product was 4-oxa-5a-cholestan-
3-one CCXXI) an epimer of (CXXJ and the acidic material 
which could not be characterized by Soloman, Turner reported 
it to be dihydro Diels acid (.CXXII). 
•^ 2^ 208 
(CXIX) 
Solomon had converted progesterone (CXXIII) into 4-oxa-
5a-pregnane-3,20-dione (CXXIV) while Pettit and Kasturi^"^ 
reported the conversion of teststerone (CXXVJ in to 4-oxa-
17p-hydroxy-5a-androstan-3-one (CXXVIJ. 
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K2S2O8 
oK, 0-H 
(CXXIII) 
(cxxv) 
R 
COCH. 
OH 
R 
ICXXIV) COCH, 
Ccxxvi; OH 
DISCUSSION 
A—7 
After the Pettit and Kasturi's efforts little atten-
tion has been paid in applying peroxydisulphate oxidation to 
explore synthetic pathways in steroids. In order to investi-
gate the oxidising effect of peroxydisulphate in steroids we 
made an attempt on the hitherto unexpored steroidal ketones -
the simplest system available. Interesting results are 
envisaged because oxidation is always helpful in developing 
new synthetic routes in organic chemistry. The specific mode 
of peroxydisulphate oxidation by means of 'electron transfer 
process' or by 'oxygen insertion' is an additional motive 
which prompted us to adopt investigative attitude in this 
direction. It is obvious from previous work that to provoke 
the oxidation, metal cations are used as catalyst; sulphuric 
4-7 
acid was used in the case of steroids , therefore, termed 
as peroxydisulphuric acid oxidation. The reaction,which 
83 
we performed,are uncatalysed and the compounds chosen as 
substrates are 5a-cholestan-6-one (CXVII), 3p-acetoxy-
cholestan-6-one (CXXVIII) and 3p-chlorocholestan-6-one 
(CXXIX). 
^8^17 
(CXXVII) 
(CXXVIII) 
(CXXIX; 
H 
OAc 
CI 
(cxxx; H 
(CXXXI) CAc 
(CXXXII) CI 
These lactones (CXXX - CXXXII^ were prepared in our 
laboratory by perbenzoic oxidation (Baeyer Villiger oxidation) 
of ketones (CXXVII - CXXIX)®, The mechanism of formation of 
these lactones can be given as follows : 
84 
K2S2OQ 
O O 
II 
b 
K'' '0~-S-0-0-S-0 K 
II 
0 
0 
+-II . 
2 K 0 - S - 0 
H 
0 
* II - H 
0-S-OK 
II 0 
Similar result was obtained vHnen 5a-cholestan-3-one 
(CXXXIII) was treated with (NH4)„S„0 - AcOH under reflux 2 2 8 
for 4 hours , at room temperature. 
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(NH4)2S208» AcOH 
room temp, 
(CXXXIII) (CXXXIV) 
EXPERIMENTAL 
Melting points were determined on a Kof ie r ' s block 
apparatus and are uncorrected. IR spect ra were obtained 
in neat on a Pye Unicam SP3-100 Spectrophotometer. 
33-Chlorocholest-5-ene : 
Freshly d i s t i l l e d th iony l ch lor ide (75 ml) was added 
gradual ly to cho les te ro l (100 gm) at room temperature. A 
vigrous reac t ion ensued with the evolut ion of gaseous 
products when the reac t ion slackened^the mixture was gent ly 
heated at a temperature of 50-60 on a water bath for 1 hour, 
and then poured on t o crushed ice-water mixture with s t i r r -
ing . The yellow sol id thus obtained was f i l t e r e d under 
suction and washed severa l times with i c e cooled water and 
a i r d r i ed . R e c r y s t a l l i z a t i o n from acetone gave 3p-chloro-
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cholest-5-ene (95.5 gm), m.p. 96°C (reported , 96-97°C). 
It gave positive Beilstein test. 
Cholest-5~ene : 
3p-Chlorocholest-5-ene (15.0 g^ was dissolved in warm 
amyl alcohol ^300 ml) and Na-metal (35.0 gmj was added in 
small por t ions to the so lu t ion with continuous s t i r r i n g 
over a period of 8 hours . The reac t ion mixture was heated 
occass ional ly during the course of reac t ion in order to keep 
the Na-metal d isso lved . The reac t ion mixture was poured 
in to water, ac id i f ied with HCl and allowed to stand over 
n igh t . A white c r y s t a l l i n e solid was obtained which was 
f i l t e r e d under suction and washed thoroughly with water and 
a i r d r i ed . Rec rys t a l l i z a t i on of the crude product from 
acetone gave choles t -5-ene as cubes (10.8 g^, m.p. 89-90° 
(reported , m.p. 91°C;. 
6-Nitrocholest-5-ene : 
A suspension of f ine ly powdered choles t -S-ene (12 g) 
and ace t i c acid (100 ml) was vigorously s t i r r e d at room 
temperature with fuming HNO^  (30 ml) followed by gradual 
addi t ion of NaNO^  (6 gm) over a period of 2 hours. After the 
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complete addition of NaN02, the reaction mixture was further 
stirred for about 1 hour and then ice-cold water was added. 
The yellow solid obtained was extracted with ether. The 
ethereal solution was thus washed with water and NaHCO^ (5^), 
dried over anhydrous Na2S0.. Recrystallization from methanol 
gave 6-nitrocholest-b-ene (8.5 gm), m.p. 119-120°C (reported , 
m.p. 117-118°C;. 
5a-Cholestan-6-one (CXXVII) : 
6-Nitrocholest-5-ene (6.0 gm) was dissolved in acetic 
acid (200 ml) by heating and to this solution zinc dust 
C12 gm) was added in small portions. After the initial exo-
thermic reaction had subsided, the suspension was heated 
under reflux for 3 hours and water (24 ml) was added now and 
then during the course of reaction. The solution was then 
filtered and the residue was washed with 20 ml portions of 
warm acetic acid. To the filterate was added a few ml of 
water till turbidity developed and it was allowed to stand 
over night at room temperature. The crystalline material 
thus separated was filtered under suction and washed thorou-
ghly with water in order to remove zinc acetate. The organic 
solid was air-dried and then recrystallized from methanol to 
give ketone (3.6 gm), m.p. 97-98° (reported"^^, m.p. 95-98°C). 
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Reaction of 5a-cholestan-6-one (CXXVII) with ^28 0 : 
A mixture of 5a-cholestan-6-one (CXXVII) (2 .0 gm) ace t ic 
acid (80 ml) and K^S^Og (4 .0 gm) was heated under reflux for 
8 hours . After completion of r eac t ion , the mixture was cooled 
to room temperature and d i lu ted with water and extracted with 
e ther . The e the rea l ex t r ac t was washed with water, sodiumbi-
carbonate solut ion (5%) and water success ive ly . The organic 
layer was dr ied over anhydrous sodium su lpha te . Removal of 
the solvent gave an o i l which was chromatographed over s i l i c a 
gel (40.0 gm), e lu t ion with petroleum e ther : e ther (45:5) 
gave the compound (CXXX). Recrys ta l l i zed from petroleum 
ether as white c ry s t a l s ( l gm), m.p. 154°C (mixed m.p. with 
authent ic sample 152-153 C) . 
36-Acetoxvcholest-5-ene : 
A mixture of cho l e s t e ro l (50.0 gm), pyridine (75 ml) and 
acet ic anhydride (50 ml) was heated on a steam bath for 2 
hours. The r e s u l t i n g brown solu t ion was poured onto crushed 
ice-water mixture with constant s t i r r i n g . A l i gh t orown sol id 
thus obtained was f i l t e r e d under suct ion, washed with water 
u n t i l f ree from pyridine and a i r d r i ed . The crude product 
on r e c r y s t a l l i z a t i o n from acetone gave pure 3|3-acetoxycholest-
5-ene (45.0 gm), m.p. 114° (reported"^^, m.p. 116°C). 
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36-Acetoxv-6-nitrocholest--5-ene : 
3p-Acetoxycholest-5-ene (10 gm) was covered with nitric 
acid (d = 1.52; 250 ml) and sodium nitrite (10 gm) was gra-
dually added over a period of one hour, with continuous 
stirring, slight cooling was also required during the reac-
tion. Stirring was continued for additional 2 hours, when a 
yellow spongy mass separated on the surface of mixture, it 
was diluted w»th ice-cold water (250 ml). A green coloured 
solution was obtained. The whole mass was extracted with 
ether and washed successively with water, sodium bicarbonate 
solution (5?») and water. The ethereal layer was dried over 
anhydrous sodium sulphate. Removal of the solvent provided 
an oil which was crystallized from methanol to get 3§-acetoxy-
6-nitrocholest-5-ene (6.8 gm), m.p. 103° (reported , m.p. 
104°C). 
36-Acetoxv-5a-cholestan-6-one (CXXVIIl) : 
3p-Acetoxy-6-nitrocholest-5-ene (6 gm) was dissolved 
in glacial acetic acid (250 ml) by warming the mixture and 
the zinc dust (12 gm) was added in small portions with shak-
ing. The suspension was heated under reflux for four hours 
and water (12 ml) was added now and then during the course 
of reaction. The hot solution was filtered, cooled to room 
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temperature and diluted with a large excess of ice-cold 
water. The organic matter was extracted with ether and the 
ethereal solution was worked up and dried in usual manner. 
Removal of the solvent furnished the ketone as an oil which 
was recrystallized from methanol (4.2 gm), m,p, 128-129 
(reported-"-^ , m.p. 127-129°C). 
Reaction of 3B"acetoxv-5a-cholestan-6-one (CXXVIII) with 
k mixture of 3p-acetoxy-5a-cholestan-6-one (CXXVIII) 
(2.0 gm) acetic acid (80 ml) and K2S20g (4,0 gm) was heated 
under reflux for 8 hours. After completion of reaction, 
the mixture was cooled to room temperature and diluted with 
water. The organic matter was extracted with ether and the 
ethereal solution was worked up and dried in usual manner. 
Removal of the solvent gave an oil which was chromatographed 
over silica gel (40.0 gm). lution with petroleum ether : 
ether (40:10) gave the compound (CXXXI) which was recrysta-' 
llized from methanol (0.98 g), m.p. 173 C (mixed m.p. with 
authentic sample 172-173 C). 
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36-Chloro-6-nltrocholest-5-ene : 
To a well stirred mixture of 3p-chlorocholest-5-ene 
(12,0 gm) glacial acetic acid (80 ml) and nitric acid (d = 
1.50, 25 ml) at temperature below 20^C, sodium nitrite 
(3,0 gm) was gradually added in a period of 2 hours. After 
complete addition of sodium nitrite, the mixture was fur-
ther stirred for about one hour. Ice-cold water (200 ml) 
was added and the yellowish solid thus separated was fil-
tered and air dried. Recrystallization from methanol gave 
the desired product as needles (8.3 gm'), m.p. 150°C 
(reported , m.p. 149 C). 
3S-Chloro-5a'-cholestan-6-one (CXXIX) : 
To a so lu t ion of 3§-ch loro-6-n i t rocho les t -5 -ene (12.0 g) 
in hot g l a c i a l acet ic acid (240 ml), zinc dust (24.0 gm) was 
added gradual ly in small por t ions with shaking. The suspen-
sion was heated under ref lux for four hours and water (24 ml) 
was added at regular i n t e r v a l s during t h e course of hea t ing . 
The hot so lu t ion was f i l t e r e d and the f i l t e r a t e was cooled to 
room temperature followed by d i l u t i o n with la rge excess of 
ice-cold water . The organic matter was extracted with e ther 
and the e the rea l so lu t ion was worked up and dried in usual 
manner. Removal of t he solvent furnished the ketone as an 
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oil which was recrystallized from methanol (8.7 g), m.p. 
128-129°C (reported-'-^ , m.p. 129°C). 
Reaction of 3B-chloro-5a-cholestan-6--one (CXXIX) with 
^2^2^8 • 
k mixture of 3p-chloro-5a-cholestan-6-one (CXXIX) 
(2.0 g) acetic acid (80 ml) and K2S20g (4.0 g) was heated 
under reflux for 8 hours. After completion of reaction^ 
the mixture was cooled to room temperature and diluted with 
water. The ethereal extracted was washed with water, sodium 
bicarbonate solution (5^) and water successively. The 
organic layer was dried over anhydrous sodium sulphate. 
Removal of the solvent gave an oil which was chromatographed 
over silica gel (45.0 g), Elution with petroleum ether : ether 
(40:10) gave the compound (CXXXIl) which was recrystallized 
from methanol (0.90 gm) (positive Beilestein test), m.p. 
183°C (mixed m.p. with authentic sample 182~183°C)^. 
PART ~ B 
Reaction of Steroidal Ketones 
with Amino Ethanol 
THEORETICAL 
A member of s t e r o i d a l as w e l l as n o n - s t e r o i d a l k e t o n e s 
have been r e p o r t e d t o condense r e a d i l y wi th 2 -mercap to e t h a n o l 
19 
t o f u r n i s h o x a t h i o l a n e s . The methods f o r a f f e c t i n g t h e con -
d e n s a t i o n of k e t o n e s wi th e t h a n e d i t h i o l and 2-mercap to e t h a n o l 
20 21 i n c l u d e use of z inc c h l o r i d e and sodium s u l p h a t e ' , h y d r o -
22 23 gen c h l o r i d e i n e t h e r ' , p - t o l u e n e - s u l p h o n i c ac id i n 
benzene under a z e o t r o p i c d i s t i l l a t i o n employing wate r sep; 
24 19 
t o r and an exchanged method 
3ara -
H2C=0 + 
HS - CH, 
OH - CH. 
y" ^ 
"s^x. 
^ ^ 
21 D j e r a s s i and co-workers showed t h a t 2 -mercapLoethanol 
r e a c t s r e a d i l y in t h e p r e s e n c e of z inc c h l o r i d e with uncon-
juga t ed ca rbony l groups t o y i e l d t h e c o r r ' vj i ' v-/ I I ' ' 1 I I 
' I ' q oxa th io -
l a n e s . Thus a n d r o s t a n - 1 7 p - o l - 3 - o n e - 1 7 - a c e t a t e ( 1 ) , e t i o -
c h o l a n - 1 7 p - o l - 3 - o n e - 1 7 - a c e t a t e ( I I I ) , e s t r o n e and i t s a c e t a t e 
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(V and V I I ) , ^ ^ - a n d r o s t e n - 3 p - o l - 1 7 - o n e - 3 - a c e t a t e ( IX) , 
a l l o p r e g n a n - 3 p - o l - 2 0 - o n e and i t s 3 p - y l - a c e t a t e (XI and X I I I ) , 
A 5 
as wel l as ZA - p r e g n e n - 3 p - o l - 2 0 - o n e and i t s 3 p - y l - a c e t a t e 
CXV and XVII) were conver t ed in t h e co r r e spond ing o x a t h i o -
l a n e s U I » IV, VI , V I I I , X, X I I , XIV, XVI and XVII I ) . 
QAc 
c5^^^X^-v/ 
( I ) 5a-H 
( I I I ) 5p-H 
( I I ) 5a-H 
(IV) 5p-H 
I « 
(V) X = OH 
(VI) X = OAc 
(VI) X = OH 
( V I I I ) X = OAc 
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(IX) 
c SH OH 
ZnCl. 
AcO 
(X) 
(XI) X = OH 
(XIII) X = OAc 
(XV) X = OH 
(XVII) X = OAc 
(XII) X = OH 
(XIV; X = OAc 
t « 
I t 
(XVI) X = OH 
(XVIII) X = OAc 
DISCUSSION 
Prompted by t h e s e o b s e r v a t i o n s , we have t r e a t e d s t e r -
o i d a l 6 - k e t o n e s wuch as 5 a - c h o l e s t a n - 6 - o n e (CXXVII), 3p -
a c e t o x y - 5 a - c h o l e s t a n - 6 - o n e (CXXVIII) and 3 p - c h l o r o - b a -
c h o l e s t a n - 6 - o n e (CXXIX) wi th 2-amino e t h a n o l and p - t o l u e n e 
su lphonic ac id as a c a t a l y s t t o o b t a i n compounds s i m i l a r t o 
o x a t h i o i a n e s such as 
CgH^y 
(CXXVII) R = H 
(CXXVIII) R = OAc 
(CXXIX) R = CI 
H2N{CH2]^H 
p-TsOH 
(CXXXV) R = H 
(CXXXVI) R = OAc 
(CXXXVII) R = CI 
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S ince s p e c t r a l s t u d i e s a r e under p r o g r e s s , t h e f i n a l 
con f i rma t ion of t h e s t r u c t u r e i s s t i l l awa i t ed . The mecha-
nism of t h e format ion of t h e s e p roduc t s can be w r i t t e n as 
H 
-H H2N-[CH^]50H 2 •'2^ 
H > 
H-0-
-H 
-H 
-H2O 
N"H 
EXPERIMENTAL 
Reaction of 5a-cholestan--6-one CCXXVII) with 2-aminoethanol 
In presence of p- toluene sulphonic acid as c a t a l y s t : 
5a-Cholestan-6-one (CXXVII) (2 gm) was dissolved in 
absolute methanol (25 ml) , 2-aminoethanol (5 ml) and a few 
c r y s t a l s of p- to luene sulphur ic acid were added to i t . The 
mixture was refluxed for 5 days, then the r eac t ion mixture 
was ex t rac ted from e t h e r . The e the rea l e x t r a c t was washed 
with water, sodium bicarbonate and water success ive ly . Tlie 
res idue obtained on evaporat ion of the solvent to gave 
compound (CXXX), which was recrys ta l l i zed from acetone 
(1.02 g ) , m.p. 102-103°C. 
Reaction of 3B-acetoxv-5a-cholestan-6-one (CXXVIII) with 
2-amino-ethanol in presence of p- to luene sulphonic acid as 
c a t a l y s t : 
3p-Acetoxy-5a-cholestan-6-one (CXXVIII) (2 gm) was 
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dissolved in absolute methanol (25 ml), 2-amino ethanol 
(5 ml) and a few c r y s t a l s of p-toluene sulphonic acid were 
added to i t . The mixture was refluxed for 5 days, then 
worked up as usual method. The res idue obtained on evapo-
r a t i on of the solvent gave compound (CXXX) which was r ec ry -
s t a l l i z e d from acetone (1 ,0 gm), m.p. 134--135°C, 
Reaction of 3B-chloro-5a-cholestan-6-one (CXXIXj with 2 -
amino ethanol in presence of p-toluene sulphonic acid as 
c a t a l y s t : 
3p-Chloro-5a-cholestan-6-one (CxXIX) (2 .0 gm) was 
dissolved in absolute methanol (25 ml), 2-amino ethanol 
(5 ml) and a few c r y s t a l s of p-toluene sulphonic acid were 
added to i t . The mixture was refluxed for 5 days, then 
worked up usual method. The res idue obtained on evaporation 
of the solvent gave compound (CXXXII), which was r e c r y s t a l l -
ized from acetone (0.97 g ) , m.p. 91-92 C. 
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